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论文的第一部分工作主要围绕本实验室解析的 13D4 Fab 以及 13D4 Fab-
VN1194 HA 的复合物晶体结构展开。借助 Discovery Studio 等计算机软件对复合
物晶体结构进行分析，获取抗原抗体交界面的相互作用信息与关键结合位点。通
过结构分析，我们发现 13D4 抗体主要通过其重链 CDR3 与 HA 蛋白相互作用的
结合模式。比较 13D4 抗体结合 HA 蛋白前后的结构发现，抗体重链 CDR3 在与
HA 蛋白结合的过程中发生了大幅度柔性偏转现象，通过伸入到受体结合域的凹
槽结构中与其更加契合。接下来，我们通过分子动力学的方法模拟了抗体重链

























综上所述，本论文在 13D4 抗体与 HA 蛋白复合物晶体结构的基础上，利用
























Influenza virus evolve and circulate continuesly and widely in the global, causing 
human respiratory disease which is a serious threat to human health, and it has become 
a major global public health problem. Every year a large number of people infected 
with influenza virus, or die from seasonal flu and influenza pandemic. Among them, 
the threat of avian influenza virus, especially the H5N1 and H7N9 subtype highly 
pathogenic avian influenza virus has gradually become one of the most serious 
infectious disease in humans. Due to the high variability of influenza virus, the existing 
vaccine R & D strategy need to update the epidemic strains every year, and the 
therapeutic effect of conventional antiviral drugs have also been affected. Therefore, 
the development of new anti-influenza drugs is an urgent need for prevention and 
treatment of influenza.  
The hemagglutinin protein on the influenza virus envelope is the main neutralizing 
target of antibody recognition, and mediated the envasion to host cells. The receptor 
binding domain of the hemagglutinin locates at the head region and form a groove 
structure, and its conserved sites can specifically bind to the sialic acid receptor, which 
has been used as a potential target in the design of anti-influenza drugs. In recent years, 
hemagglutinin-based anti-influenza compounds have been developed, but have little 
practical application. With the development of biochemistry and molecular biology, 
more and more peptide drugs have been developed and applied to the treatment of major 
diseases. Compared with the traditional small molecule drugs, peptide drugs with its 
high activity, high specificity and low toxicity, and other advantages, has become a hot 
spot for drug development. At present, the efficient and rational design of peptide is the 
main focus, which has injected new vitality into the development of peptide drugs. 
Rational structure-based computer aided peptide design predicts the interaction 
between the peptide and the protein, and designs peptide drugs by using molecular 
















The first part of the paper focuses on the crystal structure of 13D4 Fab and 13D4 
Fab-VN1194 HA complexes determined by our laboratory. The crystal structure of the 
complex was analyzed and we obtain the interaction and key binding sites of the 
interface between antigen and antibody. By this method, we found that 13D4 antibody 
binds to HA protein mainly through its heavy chain CDR3. Comparing the structures 
of the 13D4 antibody before and after binding the HA protein, we found that the 
antibody heavy chain CDR3 extend into the groove structure of the receptor binding 
domain which cause a significant deflection. Next, we reproduced the process of 
antibody heavy chain CDR3 allosteric fit by molecular dynamics method, and revealed 
the recognition mechanism of 13D4 antibody to HA protein, and provided the 
theoretical calculation basis for the peptide drug design. 
The second part of the paper explores peptide drugs designing based on the binding 
characteristics of 13D4-HCDR3 and receptor binding domain of HA protein. First, we 
use Rosetta Pepspec in peptide design of our study, but the experimental results show 
that the binding activity of the designed peptides is undetectable. Subsequently, we 
analyzed the negative results by molecular dynamics simulation and experimental 
methods,and concluded that the flexibility and conformational freedom of peptide 
chains is one of the key factors in peptide design. Finally, we established a peptide 
design method using flexible docking technology and simulated annealing sampling 
combined with molecular dynamics simulation, and verified the binding activity of the 
design peptides by experimental methods. 
In summary, we analyzed the allosteric fitting of HCDR3 using molecular dynamic 
simulation method and explained the mechanism of recognition of 13D4 antibody at 
the atomic level. In addition, according to the binding characteristics of the antibody 
and HA protein, we made a series of attempts in designing of peptide drugs of H5N1 
influenza virus, and a set of rational structure-based peptide design method with 
computer aided technology and bioinformatics has been established. This will provides 
more theoretical basis for studying the mechanism of neutralizing antibodies of H5 
















broad-spectrum peptide drugs. 
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WHO：World health organization， 世界卫生组织 




M1：Matrix protein 1， 基质蛋白 1 
M2：Matrix protein 2， 基质蛋白 2 
RNP：Ribonucleocapsid， 核糖核蛋白复合体 
RNA：Ribonucleic acid， 核糖核酸 
mRNA：Massager ribonucleic acid， 信使核糖核酸 
NS1：Nonstructural protein， 非结构蛋白 
PA：Polymerase acid， 多聚蛋白酶 A 
PB1：Polymerase basic 1， 多聚蛋白酶 B1 
PB2：Polymerase basic 2， 多聚蛋白酶 B2 
aa：amino acid， 氨基酸 
RNase：Ribonuclease， 核糖核酸酶 
AUC：Analytical Ultracentrifugation， 分析型超速离心 
ddH2O：double distilled water， 双蒸水 
DNA：Deoxyribonucleic Acid， 脱氧核糖核酸 
ELISA：Enzyme-Linked Immunosorbent Assay， 酶联免疫吸附测定 
HRP：Horseradish peroxidase， 辣根过氧化物酶 
mAb：Monoclonal Antibody， 单克隆抗体 
Fab：Fragment-antigen binding， 抗体 Fab 片段 
CDR：Complementarity Determining Region， 抗原互补决定区 
RBD：Receptor binding domain， 受体结合域 
MD：Molecular Dynamics， 分子动力学 
NMR：Nuclear Magnetic Resonance， 核磁共振 
Cryo-EM：Cryo-electron microscopy， 低温电镜三维重构技术 
PBS：Phosphate Buffered Saline， 磷酸盐缓冲液 
PDB：Protein Data Bank， 蛋白质数据库 
PBC：Periodic Boundary Conditions， 周期性边界条件 
PH：hydrogen ion concentration， 氢离子浓度指数 
RMSD：root mean square deviation， 均方根偏差 
SAS：Solvent Accessible Surface， 溶剂可及化表面积 








































为两个亚系：B/Victoria/2/1987 和 B/Yamagata/16/1988 [2] 。B 型流感病毒的感染
对象主要是人及海豹等少数其他宿主[3]，其变异速度不及 A 型流感，所以并未引
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